Abstract. Gastric cancer (GC) is one of the most common types of cancer and a leading cause of cancer-associated mortality. MicroRNAs (miRNAs/miRs) are demonstrated to function as oncomiRs or tumor-suppressor-miRs in GC. miR-7 has been identified to be a tumor suppressor of GC by targeting epidermal growth factor receptor (EGFR). In our previous study, Yangzheng Sanjie Decoction (YZSJD), a traditional Chinese formula, was identified to be effective in alleviating the symptoms and even postponing turnover of precancerous lesions. To elucidate the mechanism of YZSJD, the present study evaluated the effects of YZSJD of the GC MKN-45 cell line and investigated the underlying molecular mechanisms using YZSJD-containing serum (YCS). The expression of miR-7 in GC, normal and adjacent tissue samples was examined. The results demonstrated that YCS inhibited proliferation by inducing cell cycle arrest at the S phase, and significantly induced apoptosis compared with the control group. miR-7 was significantly downregulated in GC tissues compared with the matched ones. Using reverse transcription-quantitative polymerase chain reaction and western blot analysis, the expression of miR-7 was inversely associated with EGFR. This indicates that YCS inhibits proliferation and induces apoptosis of GC cells mediated by miR-7 targeting EGFR, which may be one of the mechanisms whereby YZSJD exerts its effects on GC.
Introduction
According to the global cancer statistics, an estimated 951,600 new gastric cancer (GC) cases and 723,100 GC-associated mortalities occurred in 2012 (1) . Although the incidence and mortality rates of GC have decreased steadily, GC among males remains the third most frequently diagnosed cancer and leading cause of cancer-associated mortality, particularly in Eastern Asia (1) . As is known, the mainstay of diagnosis is to confirm the GC lesion histopathologically, while ~2/3 patients diagnosed in this way exhibit poor survival, thus prevention and individual treatment are considered the best options to reduce mortality rates (2) . Therefore, exploring the specific diagnostic, therapeutic or prognostic biomarkers for GC remain the key areas of study. It has been revealed that intestinal gastric adenocarcinoma-genesis is due to the multistep process of genetic and epigenetic abnormalities, while diffuse gastric adenocarcinoma occurs predominantly as a result of gene mutations (3) .
MicroRNAs (miRNAs/miRs) are small non-coding, single-stranded RNAs that modulate ~30% of protein translation through binding to target mRNAs (4) . Numerous studies have shed light on the role of miRNAs, which are involved in the dysregulation of oncogenes or tumor suppressor genes for cancer (5-7). For GC, it has been revealed that miRNAs
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function as oncomiRs or tumor-suppressor-miRs in the pathogenesis and progression of carcinogenesis (8) , or as diagnostic, therapeutic and, prognostic biomarkers (9) involved in cell proliferation, epithelial-mesenchymal transition, apoptosis, migration, invasion and metastasis (10) (11) (12) . miR-7, an evolutionarily-conserved miRNA, has been demonstrated as a tumor suppressor in breast cancer, ovarian cancer and glioblastoma, and epidermal growth factor receptor (EGFR) has been identified as its direct target (13) (14) (15) . Similarly, several studies reported that the expression of miR-7 in the tissue of GC and gastritis is lower than normal tissues, which inhibits metastasis and invasion by targeting EGFR or insulin-like growth factor-1 receptor, and has emerged as a potential therapeutic method for GC (16) (17) (18) .
It has been revealed that certain Chinese formulae, including Jianpi herbs and Weichang'an induce apoptosis of GC cells (19, 20) . Yangzheng Xiaoji, used in the treatment of several solid tumors, including GC, has been shown to inhibit cell adhesion, migration and tube formation mediated by the focal adhesion kinase pathway (21) .
Yangzheng Sanjie Decoction (YZSJD), a traditional Chinese formula, is composed of Astragali Radix, Scutellariae Barbatae Herba, Arisaematis Rhizoma Preparatum, Citri Sarcodactylis Fructus, Cremastrae Pseudobulbus and Curcumae Longae Rhizoma (22) . In clinical practice, it was revealed that YZSJD is effective to alleviate the symptoms, postpone or even reverse the precancerous lesions (intestinal metaplasia or dysplasia) of GC (23, 24) . The present study explored the mechanism mediated by YZSJD on GC with the method of decoction-containing serum, which has been revealed to be an excellent method for exploring the molecular mechanism of Chinese formulae (25) , and it was hypothesized that miR-7 regulates proliferation and apoptosis by targeting EGFR.
Materials and methods
Tissue samples. Primary GC samples, matched adjacent tumor samples and normal tissue samples were obtained from 11 patients (mean age, 59.2 years old; range, 34-69 years old) with GC undergoing radical gastrectomy at the Department of Surgery, The First Affiliated Hospital, Guangzhou University of Chinese Medicine (Guangzhou, China) between May 2014 and December 2014. The experiments were approved by the Ethics Committee of The First Affiliated Hospital of Guangzhou University of Chinese Medicine. None of the patients received preoperative treatment. Tumor tissue, normal tissue >3 cm away from tumors and adjacent tumor tissue between the tumor and normal tissues were collected following gastric resection surgery. Written informed consent was obtained from all patients included and confirmed by pathological examination, and histological typing was performed using Lauren's classification (26) . The tumor-node-metastasis classification definitions were according to the Japanese Gastric Cancer Association (27) . The clinical parameters are listed in Table I .
Preparation for the medicine. YZSJD, the components of which were obtained from Kangmei Pharmaceutical Co., Ltd. (Guangdong, China) and identified by two pharmacological experts, was prepared as described by Ren et al (28) . In order to establish the quality standards of the compounds of YZSJD, the preparation of crude extracts and subsequent high-performance liquid chromatography (HPLC) experiments were performed more than three times, as previously described (29) .
Preparation of YZSJD-containing serum (YCS).
In accordance with the Committee on Ethics of Animal Experiment of The Second Affiliated Hospital of Guangzhou University of Chinese Medicine, 40 8-week old Sprague Dawley male rats, weighing 250±20 g, were purchased from the Animal Experiment Center of Southern Medical University (Guangzhou, China). The rats were acclimatized to laboratory conditions (23˚C, 12/12 h light/dark, 50% humidity, ad libitum access to food and water) and were divided into two groups and treated with YZSJD or saline, respectively. The YZSJD was dissolved into fluid with sterile water, and an equivalent of the human dose was calculated for the rats, in accordance with the Methodology on Chinese Medicinal Pharmacology (30) . The two groups of rats then continuously received intragastric administration of 9 g/kg YZSJD or saline daily for 7 days. On the last day of gavage, all the rats were anesthetized with diethyl ether for 1 h and blood was drawn from the abdominal aorta. Subsequent to remaining still for ≥1 h, the blood was centrifuged (at 2,000 x g, 15 min) at room temperature, then the serum was collected. The serum from all animals of the same group was pooled and inactivated at 56˚C for 30 min, prior to filtration using a 0.22-µm pore filter membrane. Serum was then stored at -20˚C until use. Further details of the protocol are available in two previously published studies (22, 31) .
Cell culture. The human gastric MKN-45 cell line was obtained from the Type Culture Collection of the Chinese Academy of Science (Shanghai, China) and maintained in RPMI-1640 medium (HyClone; GE Healthcare Life Sciences, Little Chalfont, UK), supplemented with 10% fetal bovine serum (FBS; HyClone; GE Healthcare Life Sciences). Cell culture was conducted at 37˚C in a humidified 5% CO 2 incubator.
Experimental groups. The MKN-45 cells were divided into two groups as follows: The Chinese medicine (CM) group, treated with high-dose YZSJD drug-containing serum (20% added to serum-free RPMI-1640 medium), intermediate-dose YZSJD drug-containing serum (15%) or low-dose YZSJD drug-containing serum (10%), and the control group treated with a matched concentration of YCS treated with saline.
Cell proliferation assay. Cell proliferation was measured with a colorimetric water-soluble tetrazolium salt assay using Cell Counting kit-8 (CCK-8; Beyotime Institute of Biotechnology) and plate cloning according to the manufacturer's protocols. MKN-45 cells in the logarithmic phase were seeded onto 96-well plates (8x10 3 cells, 100 µl/well). Following incubation for 24 h at 37˚C, the culture medium was removed and washed with PBS, and the CM groups were treated with three different concentrations of YCS in FBS-free RPMI-1640 (10, 15 and 20%) in order to identify the most appropriate concentration. Similarly, the control was treated at the matched concentration with FBS-containing medium. At 48 h post-incubation, the optical density (OD) value of each well was measured at 450 nm using a VICTOR X5 Multimode plate reader (PerkinElmer, Inc., Waltham, MA, USA).
With the most appropriate concentration of YCS (10%), the cells were resuspended in serum-free RPMI-1640 medium, and 5x10 2 cells were seeded on a 6-well plate. YCS was then uniformly dropped into the wells of the CM group. Simultaneously, the same amount of FBS was dropped into the wells of the control group. Cells were then incubated for 12 days at 37˚C, without agitation for the first 4 days. Subsequently, the medium was removed and cells were washed with PBS. Cells were fixed in 100% methanol for 15 min at room temperature and stained with 0.1% crystal violet for 15 min at room temperature. Colonies containing at least 50 cells were counted with a light microscope at magnification, x100 (Olympus Corporation, Tokyo, Japan).
Cell cycle and apoptosis analysis. Randomized MKN-45 (5x10 5 ) cells were seeded onto 6-well plates. The same concentration of serum-containing medium (10%) was used, and cells were incubated for the same length of time as the cell proliferation procedure. The medium of each well was then collected in the specific tube and washed with PBS. Using trypsin (Gibco; Thermo Fisher Scientific, Inc.) without EDTA, the cells were digested and collected in the tube. Following centrifugation twice (168 x g for 5 min at room temperature) and washing with PBS, the staining procedure was performed in accordance with the fluorescein isothiocyanate Annexin V apoptosis detection kit I (BD Biosciences, Franklin Lakes, NJ, USA). The specimens were incubated at room temperature for 15 min and measured using a Cytomics™ 500 flow cytometer (Beckman Coulter, Inc., Brea, CA, USA). While the cell cycle kit was purchased from Beyotime Institute of Biotechnology (Haimen, China), all the procedures were performed according to the manufacturers' protocols.
For the morphology of different group of cells, Hoechst 33258 (Beyotime Institute of Biotechnology) was used to stain the cells for 5 min at room temperature, and the cells were then observed at magnification, x200 under a fluorescence microscope (Olympus Corporation, Tokyo, Japan) and images were captured.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from cells with TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The PCR primers were as follows: miR-7 forward, 5'-CTG TTA CTA TGG TAG CGA CAC TG-3' and reverse, 5'-CAC ACT GGA GGA TTA CAT TCC C-3'; U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'. Reverse transcription was performed with the Bulge-Loop™ miRNA RT-qPCR Primer (Guangzhou RiboBio Co., Ltd., Guangzhou, China) and the PrimeScript™ RT reagent (Takara Bio, Inc., Otsu, Japan) kits, according to the manufacturers' protocols. RT-qPCR was performed on Axygen 96-well reaction plates with the Applied Biosystems 7500 Real-time PCR System following and the SYBR Premix Ex Taq kit (Takara Bio, Inc.), according to the manufacturer's protocol. The thermocycling conditions were as previously described (22) . According to the instructions of the Bulge-Loop miRNA RT-qPCR Primer, a U6 small nuclear RNA was used as the internal reference. Data were analyzed using the 2 -ΔΔCq method (32) . The experiments were repeated at least three times.
Western blot analysis. Protein was extracted from the MKN-45 cell line using radioimmunoprecipitation assay buffer containing a protease inhibitor cocktail (Beyotime Institute of Biotechnology) according to the manufacturer's protocol. The protein concentration of each sample was quantified using a bicinchoninic acid assay (Beyotime Institute of Biotechnology, Haimen, China). Subsequently, equal amounts of proteins (60 µg) were separated by electrophoresis on 10% polyacrylamide gels and transferred onto 0.2 µm polyvinylidene difluoride membranes. The membranes were blocked with 5% milk in Tris-buffered saline and 0.2% Tween at room temperature for 1 h, prior to being incubated overnight at 4˚C with specific primary antibodies against the following: β-actin (dilution, 1:250; cat. no. BM0627; Boster Biological Technology, Wuhan, China) and EGFR (dilution, 1:1,000; cat. no. 4267S; CST Biological Reagents Co., Ltd., Shanghai, China). The blots were washed three times with Tris-buffered saline and 0.2% Tween (TBST) and incubated with a goat anti-rabbit secondary antibody IgG-HRP (dilution, 1:1,000; cat. no. BA1054; Boster Biological Technology) for 1 h at room temperature, prior to being washed with TBST (3 times, each for 10 min). The expression signals were detected using BeyoECL Plus (Beyotime Institute of Biotechnology) according to the manufacturer's protocols. Quantification of the bands was performed using Image Lab software (version 4.1; Bio-Rad Laboratories, Inc., Hercules, CA, USA) and the protein expression levels were normalized to the levels of β-actin.
Hematoxylin and eosin (H&E) staining and in situ hybridization (ISH).
All the tissues obtained were fixed with 4% paraformaldehyde for 15 min at room temperature, paraffin-embedded and sectioned. To ascertain the actual histology of every sample, H&E staining was performed routinely. The samples were then observed with a light microscope (Olympus Corporation, Tokyo, Japan) at magnification, x200 by two pathology experts blindly. ISH was performed as follows: Digoxigenin-labeled locked nucleic acid modified probes for miR-7 were obtained from Exiqon A/S, Vedbaek, Denmark. Briefly, 4-µm sections of the tissue microarray blocks were placed in a heater at 55˚C overnight. Sections were deparaffinized with 2X xylene (5 min), rehydrated with ethanol (100, 50 and 25% for 5 min each), and treated with diethyl pyrocarbonate water for 1 min at room temperature. Protease treatment was performed with pepsin solution (1.3 mg/ml) at 37˚C for 50 min. Following a post-fixation step in 4% paraformaldehyde at room temperature for 10 min, hybridization of the locked nucleic acid probe was performed at 52˚C for 5 min followed by 37˚C overnight. A low-stringency post-hybridization wash was performed at 4˚C in saline sodium citrate with 2% bovine serum albumin for 5 min, followed by incubation with anti-digoxigenin primary antibody (dilution, 1:1,000; cat. no. ab6212; Abcam, Cambridge, UK) at 37˚C for 30 min. The slides were counterstained with 1% hematoxylin for 1 min at room temperature to visualize the nuclei prior to cover glass mounting. The mean proportion of stained cells in every specimen was screened quantitatively and scored as previously described (16) .
Statistical analysis.
The results are presented as the mean ± standard error of the mean. Statistical analyses were performed with Stata 12.1 (StataCorp, LLC, College Station, TX, USA). One-way analysis of variance followed by Dunnett's test, or an unpaired Student's t-test was applied for statistical analysis. For comparison of paired tissues, a paired Student's t-test was used to determine the statistical significance. A two-tailed value of P<0.05 was considered to indicate a statistically significant difference. Fig. 1 presents the stability of the extracts and the preparation technology of the compound of YZSJD.
Results

HPLC.
YCS inhibits GC cell proliferation.
The effect of YCS on the viability of MKN-45 cells was determined using a CCK-8 assay. YCS (10%) and FBS-containing media were added to the CM and control groups, respectively. Using CCK-8 reagent, the OD in different groups was examined and it was revealed that the cells in the CM group proliferated more slowly compared with those of the control group. Proliferation of MKN-45 cells in the CM group was downregulated compared with the control group (P<0.05; Fig. 2A ). In addition, YCS inhibited colony formation ability of MKN-45 cells compared with the control group (Fig. 2B  and C) .
YCS induces GC cell apoptosis.
To elucidate whether YCS inhibits the growth of GC cells by inducing apoptosis, the exposure of phosphatidylserine on the cell surface was examined by Annexin V/propidium iodide staining, followed by fluorescence-activated cell sorting analysis. The percentage of cells in early or late apoptosis was calculated. As presented in Fig. 3A and B, a significantly higher percentage of apoptotic cells was observed in the CM group compared with the control group, indicating that YCS induced apoptosis in Fig. 3C  (P<0.05) .
For additional assessment of apoptosis induced by YCS, the morphological characteristics of apoptosis were screened. GC cells treated with YCS for 48 h were stained with Hoechst 33258 and observed by fluorescence microscopy. As presented in Fig. 3D , apoptotic cells exhibited typical changes in the CM group, including condensed and fragmented nuclei, whereas control cells exhibited an even distribution of the stain and round homogeneous nuclei.
YCS induces cell cycle arrest in the S phase.
Cell cycle analysis was performed to determine the effect of YCS in cell cycle alteration. Results demonstrated that, compared with the control group, the percentage of MKN-45 cells in the CM group was significantly increased at the S phase and decreased at the G 2 phase (Fig. 4) . These results indicated that YCS inhibited GC cell proliferation by inducing cell cycle arrest at the S phase.
Expression of miR-7 is downregulated in GC clinical samples.
According to the results of H&E staining, every GC sample had a corresponding matched normal tissue sample. To assess the expression of miR-7 in different tissues, miR-7 expression was screened in 11 GC clinical samples using ISH. It was revealed that GC tissues had a markedly low expression level of miR-7 compared with matched normal tissues and adjacent tissues, indicating a decreasing trend among the three of them, as presented in Fig. 5A and Table II. Statistical significance was observed among the GC, adjacent and normal tissues (P<0.05).
YCS mediates the function of miR-7 by targeting EGFR.
The results of the qPCR assay demonstrated that YCS treatment significantly upregulated the expression of miR-7 in MKN-45 cells compared with that in control cells (P<0.05; Fig. 5B ). By contrast, the protein level of EGFR in the CM group was significantly lower compared with that of the control group (P<0.05; Fig. 5C and D) . Consistently, using ISH, the expression of miR-7 was markedly downregulated in GC tissue (P<0.05; Fig. 5A ), indicating that miR-7 may serve as a tumor suppressor targeting EGFR. Consequently, these results suggest that YCM inhibits proliferation and induces apoptosis mediated by miR-7 targeting EGFR.
Discussion
To the best of our knowledge, surgical resection remains the only cure for GC, which is possible in only 25-30% of cases, suggesting that GC is one of the malignancies with the highest mortality rate (33) . With a medium follow-up time of >10 years, overall survival and relapse-free survival rates have continually benefited from postoperative radiochemotherapy (34) . However, a number of anticancer agents contain intrinsic and potent cytotoxicity to normal cells, which limits their long-term use and their therapeutic effectiveness, emphasizing the need to develop novel anticancer drugs (35) .
Traditional Chinese medicines (TCM), which have been used for thousands of years, have relatively higher safety compared with typical anticancer agents and have attracted great interest for cancer treatment (36, 37) . According to the medicine compatibility, TCMs consist of numerous natural products, including principal, assistant, adjuvant and dispatcher herbs in specific formula, which have the function of increased therapeutic effect, synergistic action, targeting specific lesion, treatment of complex diseases, and relieving side effects (38) .
Correa's multi-stage cascade of gastric oncogenesis is proposed to be triggered by Helicobacter pylori, progression of atrophic gastritis, intestinal metaplasia, dysplasia and GC (3), suggesting its complex pathology, and multifactor crosstalk effect. Similarly, TCM also considers that GC is a sophisticated disease with multiple factors working together, resulting from internal deficiency and relative pathogenic factors, including toxins, phlegm and blood stagnation (39) . YZSJD is a formula contributing to regulate the disorder of human homeostasis, in which the ethanol extract of Scutellaria Barbata D. Don has been revealed to suppress the activation of several colorectal cancer-associated pathways (39) . Cremastra appendiculata tuber, the other type of Cremastrae Pseudobulbus is reported to decrease the metastatic nodules and relieve symptoms of metastatic bladder cancer in the lungs with several herbs (40) . In addition, Yangzheng Xiaoji, a similar formula in which the exact composition is unknown, has been demonstrated to inhibit angiogenesis, thus exhibiting an anticancer effect (21) . By clinical observation, it was demonstrated that YZSJD exhibits improved therapeutic outcome for precancerous gastric lesions (atrophic gastritis) compared with the control group, and with decreased protein expression of EGF and EGFR in the gastric mucosa (22, 24) . However, whether YZSJD has an effect on GC, and the exact mechanism of this, remains uncovered.
By contrast, a large number of studies demonstrated that miRNAs perform a crucial role in gastric carcinogenesis and serve as useful clinical biomarkers (41) (42) (43) . Furthermore, the expression of miR-7 has been demonstrated to decrease in GC tissue compared with normal tissue, suggesting that it inhibits proliferation, metastasis and invasion by targeting EGFR (17) . Therefore, two tissue samples adjacent to the tumor and one normal tissue sample were used to explore whether miR-7 is dysregulated in the precancerous lesion. The present data supported the hypothesis and EGFR was proposed as the target.
In the present in vitro study, YCS was prepared according to the previously published serum pharmacology method which is stable and dependable (28, 31) . Proliferation and apoptosis were compared between the CM and control groups, and the results revealed that YCS inhibits proliferation, and induces apoptosis and cell cycle arrest. Simultaneously, RT-qPCR revealed that the expression of miR-7 was significantly upregulated in the YCS-treated cells compared with control cells, whereas western blot analysis revealed that the expression of EGFR was significantly downregulated (Fig. 5C) , consistent with the results in GC, adjacent and normal tissues (Table II) . On the basis of these results, it was concluded that YCS inhibits proliferation and induces apoptosis of GC cells, which is mediated by miR-7 targeting EGFR.
